The usage of smartphones has increased rapidly in recent years, and this has brought about addiction. The aim of the current study was to investigate the relationship between smartphone use severity and sleep quality, depression, and anxiety in university students. Methods: In total, 319 university students (203 females and 116 males; mean age = 20.5 ± 2.45) were included in the study. Participants were divided into the following three groups: a smartphone non-user group (n = 71, 22.3%), a low smartphone use group (n = 121, 37.9%), and a high smartphone use group (n = 127, 39.8%). All participants were evaluated using the Pittsburgh Sleep Quality Index, Beck Depression Inventory, Beck Anxiety Inventory; moreover, participants other than those in the smartphone non-user group were also assessed with the Smartphone Addiction Scale. Results: The findings revealed that the Smartphone Addiction Scale scores of females were significantly higher than those of males. Depression, anxiety, and daytime dysfunction scores were higher in the high smartphone use group than in the low smartphone use group. Positive correlations were found between the Smartphone Addiction Scale scores and depression levels, anxiety levels, and some sleep quality scores. Conclusion: The results indicate that depression, anxiety, and sleep quality may be associated with smartphone overuse. Such overuse may lead to depression and/or anxiety, which can in turn result in sleep problems. University students with high depression and anxiety scores should be carefully monitored for smartphone addiction.
INTRODUCTION
Smartphones are popular devices capable of processing more information than other phones; they include many features such as games, access to the Internet and social networks, messaging, videos, multimedia, and navigation, in addition to their use for communication. Access to the Internet is increasingly easy due to improvements in mobile technology and the prevalence of smartphones. In one study, it was suggested that there are over 1.5 billion smartphone users around the world, and it has been estimated that more than 1 billion smartphones will be sold in 2016 (International Data Corporation, 2013) . In a Korean Study, it was reported that 58% of adults owned smartphones, while 84% of college students in Korea used smartphones in 2011 (Park & Lee, 2012) . This rate was 56% in 2013 for the United States (Smith, 2013) , 79% in 2012 for Switzerland (Willemse, Waller, Süss, Genner & Huber, 2012) , and 72% in 2013 for Germany among 12-19-year-olds. (Medienpäda-gogischer Forschungsverbund Südwest, 2013) . The booming use of smartphones and the fact that these phones encompass many features have raised the issue of smartphone addiction (Kwon, Kim, Cho & Yang, 2013) . Smartphone addiction is similar in many aspects to Internet addiction (Kim, 2013 ). Yet, there are also some differences, such as the easy portability, real-time Internet access and easy and direct communication features of smartphones (Kwon, Lee et al., 2013) . Behavior addictions, including smartphone addiction, are generally difficult to define because they are related not only to physical, but also to social and psychological factors . The core features of behavioral addiction include the following: sustained engagement in a behavior despite its negative effects, decreased control over participation in the behavior, compulsive participation, and appetitive or craving urges that instantly precede engagement in the behavior (Mok et al., 2014) . Official diagnostic criteria for smartphone addiction do not exist. However, based on the definition of Internet addiction, smartphone addiction has been defined as the overuse of smartphones to the extent that it disturbs users' daily lives. Roberts, Yaya and Manolis (2014) found that college students spent almost nine hours daily on their cell-phones. The researchers reported that as the functionality of cell-phones continues to spread, addiction to cellphone apparently unavoidable piece of technology becomes an increasingly realistic possibility. In a study conducted in South Korea in 2012, the frequency of smartphone addiction (8.4%) was observed to be higher than the frequency of Internet addiction (7.7%). The same study reported that 11.4% of 10-to 20-year-old individuals and 10.4% of 20-to 30-year-old individuals suffer from smartphone addiction (South Korea National Information Society Agency, 2011). Adults often have different schedules than adolescents, and have the luxury to determine their own use of electronic media free of parent-imposed constraints (Fossum, Nordnes, Storemark, Bjorvatn & Pallesen, 2014) . These factors may cause higher use of smartphone or electronic media devices among young adults, such as university students.
Excess smartphone use can cause physical health-related problems such as blurred vision and pain in the wrists or neck (Kwon, Lee et al., 2013) . Moreover, smartphone overuse may lead to some mental or behavioral problems. It may cause maladaptive behavioral difficulties, interfere with school or work, reduce real-life social interaction, and lead to relationship disorders (Kuss & Griffiths, 2011) . In a study conducted on smartphone users, it was found that state anxiety, trait anxiety, and depression were higher in the smartphone overuse group than in the normal use group (Hwang, Yoo & Cho, 2012) . Poor sleep quality has emerged as a relevant public health problem in technologically advanced societies (Cheung & Wong, 2011) . Existing studies on the association between electronic media use and sleep have largely focused on adolescents. It was reported that problematic Internet use is associated with sleep problems, including subjective insomnia and poor sleep quality (Lam, 2014) . Similarly, Song et al. (2010) suggested that adolescents' Internet addiction was correlated with depression and sleep-related problems. However, no study has yet investigated the association between sleep quality, depression, and anxiety, and smartphone overuse or addiction. The aim of this study was to investigate the relationship between sleep quality, depression, and anxiety, and smartphone use severity in university students.
METHODS

Participants
The students of Süleyman Demirel University were the target population of this study. Four hundred randomly selected university students were considered candidates for this study. Fifty-two of the students refused to participate. Twenty-nine students were excluded because their scales were incomplete. Thus, in total, 319 students (203 females and 116 males; mean age = 20.5 ± 2.45) were included in the study.
Procedure
All participants were assessed using the Pittsburgh Sleep Quality Index (PSQI), Beck Depression Inventory (BDI), and Beck Anxiety Inventory (BAI); other than those in the smartphone non-user group, participants were also assessed using the Smartphone Addiction Scale (SAS). Participants were divided into three groups according to smartphone use severity.
Measures
The SAS is a 33-item, six-point likert-type self-rating scale developed by Kwon, Lee et al. (2013) based on the Internet addiction scale and the features of smartphones. The Cronbach's alpha of the SAS is 0.967. The options on this scale range from 1 (definitely not), to 6 (absolutely yes). Higher scores indicate a higher risk of smartphone addiction. The total score on the scale can vary between 33 and 198. A cut-off point was not reported in the original scale (Kwon, Lee et al., 2013) . In a reliability and validity study of the Turkish version of the SAS involving 301 university students (Demirci, Orhan, Demirdas, Akpınar & Sert, 2014) , the Cronbach's alpha was 0.947. The Turkish version of the SAS consists of seven factors and the explained variance is 66. 4% Demirci et al.'s (2014) original 33-item Turkish version of the SAS was used in the present study because it was validated in a young population.
Sleep quality was assessed using the PSQI (Buysse, Reynolds III, Monk, Berman & Kupfer, 1989) , which measures subjective sleep quality during the preceding 1-month period. It consists of 19 self-rated questions and 5 questions rated by the bed partner. The 19 items are grouped into scores with the seven following components: subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction. These component scores were added to a global PSQI score with a range of 0 to 21, with higher scores indicating worse sleep quality. PSQI scores of above 5 were taken as abnormal. Adaptation of the scale to Turkish culture was carried out by Agargun et al. (Agargun, Kara & Anlar, 1996) .
The BDI is composed of 21 items that evaluate the severity of depression. Each question inquires about the respondent's particular symptoms and changes in mood over the past week, with a 4-point scale. The degree of depression is indicated by the total score. The Cronbach's alpha of the BDI is 0.91 (Beck, Ward, Mendelson, Mock & Erbaugh, 1961) . The validity and reliability study in Turkish was performed by Hisli in 1989, and the cut-off point has been determined as 17 for the Turkish version (Hisli, 1989) .
The BAI, developed by Beck et al. in 1988 , measures the frequency of one's experiencing anxiety symptoms (Beck, Epstein, Brown & Steer, 1988) . The scale, consisting of 21 items, provides Likert-type measurement (0 = none, 3 = intensive) over four points. The validity and reliability study in Turkish was performed by Ulusoy et al. in 1998 (Ulusoy, Sahin & Erkmen, 1998 .
Statistical analysis
Descriptive statistics were performed to report the analysis of data that were presented as mean ± standard deviation or median (25 th -75 th percentile). Categorical variables were shown as frequency and percentages. The independent ttest was used to compare the parametric variables between the genders. Categorical variables were compared between the groups using the chi-square test. Pearson and Spearman correlations were used to determine the strength of the relationship between the variables. The Kruskal-Wallis test was used to compare more than two independent groups for cases with non-normal distributed variables. In cases where the Kruskal-Wallis test yielded statistical significance, a post hoc analysis was performed to identify the groups that showed differences by using a Bonferroni-corrected MannWhitney U test. P values ˂0.05 were regarded as statistically significant. Linear regression analyses were conducted to examine the association between the level of smartphone use and depression/anxiety and sleep quality. The data analysis was performed using SPSS 15.0 for Windows.
Ethics
The study procedures were carried out in accordance with the Declaration of Helsinki. The study was approved by the local ethics committee. Written informed consent was obtained from all participants.
RESULTS
Three hundred and nineteen students were included in this study. Of all participants, 78% (n = 248) were smartphone users and 22% (n = 71) were not smartphone users. The average SAS score was 75.68 ± 22.46 among smartphone users. We found that SAS scores were significantly higher in females than males (SAS scores were 80.50 and 66.59, respectively, p < 0.001). The median value of the SAS scores was found to be 72. According to smartphone use and the median value of SAS scores in this study (Altman & Royston, 2006; MacCallum, Zhang, Preacher & Rucker, 2002) , participants were divided into three different groups, as follows: a smartphone non-user group, a low smartphone use group (SAS score < the median value of 72), and a high smartphone use group (SAS score ≥ the median value of 72). Of the participants enrolled in the present study, 71 (22.3%) were in the smartphone non-user group, 121 (37.9%) were in the low smartphone use group, and 127 (39.8%) were in the high smartphone use group. The three groups were similar in terms of age (p = 0.14). The general characteristics of the groups are shown in Table 1 .
Depression, anxiety, and the daytime dysfunction component of the PSQI scores were higher in the high smartphone use group than in the low smartphone use group (p = 0.001, p < 0.001, p = 0.0011, respectively). Comparisons between the smartphone non-use, low smartphone use, and high smartphone use groups for the scales are given in Table 2 . The smartphone use severity was positively correlated with depression (r = 0.267, p < 0.001), anxiety (r = 0.276, p < 0.001), PSQI global scores (r = 0.156, p = 0.014), the subjective sleep quality component of PSQI (r = 0.138, p = 0.030), the sleep disturbance component of PSQI (r = 0.153, p = 0.016), and the daytime dysfunction component of PSQI (r = 0.244, p < 0.001); meanwhile, it was negatively correlated with age (r = -0.189, p = 0.003). The correlations between the SAS scores and other scales are demonstrated in Table 3 . A significantly higher proportion of high smartphone users had depression (according to the cut-off level on the BDI scale) than low smartphone users (p = 0.005). A comparison of the proportions of smartphone non-use, low smartphone use, and high smartphone use groups having depression and abnormal sleep quality according to the cut-off levels is presented in Table 4 .
The results identified age, gender, anxiety, and depression as the determinants of SAS score in the linear regression model (Table 5) . Moreover, the regression analyses revealed that depression and anxiety were related to sleep quality (β = 0.325, t = 4.725, p < 0.01; β = 0.273, t = 3.944, p < 0.01; respectively). There was no direct effect of high smartphone use on sleep quality (β = -0.022, t = -0.379, p = 0.705). In addition, high smartphone use and poor sleep quality were also related to depression (β = 0.226, t = 4.131, p < 0.01; β = 0.448, t = 8.173, p < 0.01; respectively). Finally, high smartphone use and poor sleep quality were also related to anxiety (β = 0.240, t = 4.334, p < 0.01; β = 0.424, t = 7.673, p < 0.01; respectively) ( Table 6 ).
DISCUSSION
The main findings of our study are as follows. Depression, anxiety, and daytime dysfunctions component of PSQI were significantly higher in the high smartphone use group than in the low smartphone use group. There were significantly positive correlations between the SAS scores and depression levels, anxiety levels, subjective sleep quality, sleep disturbance, daytime dysfunction, and PSQI global scores. The high smartphone use group exhibited higher levels of depression compared to the low smartphone use group according to the BDI cut-off score. Regression analyses indicated that higher levels of smartphone use and poor sleep quality predicted depression/anxiety. In addition, depression and anxiety predicted poor sleep quality. Consequently, depression and anxiety are mediators between the smartphone overuse and poor sleep quality. Moreover, high depression, high anxiety, female sex, and low age were independent predictors of smartphone overuse. To the best of our knowledge, this is the first study to show the relationship between the severity of smartphone use and depression, anxiety, and sleep quality in university students.
A study from South Korea showed that the SAS mean score was 110.02 (Kwon, Lee et al., 2013) . We also found that the SAS mean score was 75.76 in a previous study (Demirci et al., 2014) . Similarly, the SAS mean score was 75.68 in the present study. Consistent with previous research (e.g., Demirci et al., 2014; , the SAS mean score of female students was significantly higher than that of male students in this study. This difference may be related to usage pattern or purpose, such as increased use of social networks. In addition, in our study, a negative correlation was observed between age and SAS score. The findings of the present study confirmed the results of previous studies (e.g., Demirci et al., 2014; South Korea National Information Society Agency, 2011) . We also found that female sex and low age were independent predictors of smartphone overuse. Thus, women and younger users may be vulnerable to smartphone overuse or addiction.
The use of smartphones has increased rapidly in recent years. This may result in smartphone addiction, which rep- (Hwang et al., 2012) . Overuse of a smartphone may cause various physical and psychological health problems. Some studies have evaluated the relationship between smartphones, mobile phones, and the Internet on the one hand, and depression, anxiety, and sleep disturbances on the other in adolescents (e.g., Hwang et al., 2012; Lemola, Perkinson-Gloor, Brand, Dewald-Kaufmann & Groby, 2014) . Canan et al. (2013) found an association between Internet addiction and impaired sleep. The researchers suggested that both Internet use and the purpose of Internet use are important in terms of sleep duration. In addition, Lemola et al. (2014) evaluated adolescents' electronic media usage at night, along with sleep disturbances and depressive symptoms. The researchers found that smartphone ownership was associated with later bedtimes but was unrelated to sleep disturbance. Park (2014) found a negative association between the level of physical activity and risk of problematic Internet use via the mediation of sleep satisfaction and stress in adolescents. A study investigating the associations between problematic Internet use and adolescents' physical and psychological symptoms showed that excessive Internet use had indirect negative effects through sleep deprivation . Our results showed that daytime dysfunction, which is a component of sleep quality, was higher in the high smartphone use group than in the low smartphone use group. This result may be due to sleep dysregulation. There were positive correlations between subjective sleep quality, sleep disturbance, daytime dysfunction, and sleep quality global scores and SAS scores in our study. Moreover, depression and anxiety predicted sleep quality. Smartphone use severity and sleep quality predicted depression. In addition, smartphone use severity and sleep quality predicted anxiety. On the other hand, smartphone use severity was not an independent predictor of sleep quality in our study. It has been reported that problematic Internet use may affect sleep construction, such as by reducing rapid eye movement (REM) sleep, slow-wave sleep, and sleep efficiency (Dworak, Schierl, Bruns & Strüder, 2007; Higuchi, Motohashi, Liu & Maeda, 2005) , or that the bright light of a computer screen may suppress melatonin secretion and delay the onset of sleep (Higuchi, Motohashi, Liu, Ahara & Kaneko, 2003) . Cain and Gradisar (2010) suggested some mechanisms concerning the relationship between electronic media use and poor sleep: 1) Electronic media use may dis- Model III: Smartphone use severity and sleep quality as a predictor of anxiety; dependent variable = Beck Anxiety Inventory (BAI) place sleep; 2) using electronic media devices may be associated with cognitive, emotional or physiological arousal; 3) light emission of the screen of devices may affect sleep; and 4) mobile phone use in the bedroom may disturb sleep in that received messages may awake adolescents at night. Moreover, Loughran et al. (2005) reported the adverse effect of electromagnetic fields emitted by mobile phones on sleep electroencephalograms. Similarly, Huber et al. (2002) reported that electromagnetic field exposure (mobile phone usage) in the evening influences physiological factors such as sleep quality and the melatonin rhythm, probably by influencing the brain activity -particularly that of the pineal gland; it may also result in altered cerebral blood flow and brain electrical activity. In another study, it was shown that exposure to mobile phone emissions at nighttime could have an effect on melatonin onset time (Wood, Loughran & Stough, 2006) . Moreover, Thomée, Härenstam and Hagberg (2010) reported that prolonged use of media can cause physical discomfort, such as muscle pain and headaches, which can negatively affect sleep. In addition, poor sleep quality has been linked with negative consequences for health and performance, such as obesity and lower school grades (Arora, Broglia, Thomas & Taheri, 2014) . We think that these mechanisms observed in technology users may be responsible for sleep problems in the case of smartphone overuse or addiction. Lemola et al. (2014) did not find any relationship between smartphone ownership and symptoms of depression. However, Hwang et al. (2012) found that state anxiety, trait anxiety, and depression were higher in the smartphone overuse group than in the normal use group among college students. A recent study carried out among university students reported that depression and anxiety scores were higher in the case of moderate/high Internet addiction (Dalbudak et al., 2013) . Our findings on depression and anxiety are highly consistent with those of previous studies (e.g., Dalbudak et al., 2013; Hwang et al., 2012) . The present results showed that depression and anxiety predicted sleep quality. Smartphone use severity and sleep quality also predicted depression. In addition, smartphone use severity and sleep quality predicted anxiety. Young adults tended to be unaware of just how much time they really spent on their smartphone, as well as the effect this might have on their academic performance and social interaction (Meena, Mittal & Solanki, 2012) . It is suggested that there may be a correlation between low self-esteem and a sense of social inadequacy and social network addiction (Thadani & Cheung, 2011) . Because sleep is a significant biological mechanism related to mood regulation (Thomée, et al., 2011) , students whose sleep is disrupted because of technology use may be more likely to experience markers of depression such as loss of energy, concentration problems, and daytime sleepiness (Adams & Kisler, 2013; NSF., 2011) .
In our study, depression and anxiety predicted the level of smartphone use independent of sleep quality, age, and gender. When used moderately, a smartphone may contribute to improving emotional and psychological well-being. In addition, smartphone communications can be used to relieve stressful situations (Park & Lee, 2012) . Moreover, Adams and Kisler (2013) reported that depressed individuals might have sleep problems and use the technology to pass the time. One plausible reason for our findings on depression and anxiety is that spending time on the smartphone could be an escape from feelings of depression or anxiety. It was reported that the purpose of Internet use is important in terms of sleep duration (Canan et al., 2013) . Similarly, the aim of smartphone use may be significant for sleep quality, depression, and anxiety. Adams and Kisler (2013) suggested that sleep quality is a mediator between technology use after sleep onset and depression and anxiety in college students. Lemola et al. (2014) found that electronic media use at night is related to sleep disturbances and depressive symptoms. The researchers reported that electronic media use at night was associated with depressive symptoms. They suggested that sleep disturbances in turn appear to be a partial mediator of the relationship between electronic media use at night and depressive symptoms. Our findings indicated that depression and/or anxiety acted as a mediator between smartphone overuse and sleep quality. We think that smartphone overuse may lead to depression and/or anxiety, which in turn leads to sleep problems.
Several limitations of the present study should be considered. The relatively small study population was one such issue. Moreover, all of the participants were university students, and may not represent the total population. All subjects were well-educated adults. Longitudinal studies and samples with different educational and age backgrounds are needed. The cross-sectional design, which is not the best way to evaluate causal relations, also limited the results. Furthermore, all of the scales were self-rated. Finally, the literature in this field is not yet rich enough.
In conclusion, our study expanded the literature to include smartphone overuse and depression, anxiety, and sleep quality in university students. Although the effects of behavioral addictions, including smartphone addiction, on our lives are rising, little research has been carried out on these issues. Thus, our study provides an important contribution to the field. Ultimately, depression, anxiety, and sleep quality may be associated with smartphone overuse. Smartphone overuse may lead to depression and/or anxiety, which can in turn result in sleep problems. University students displaying high depression and anxiety scores should be attentively monitored for smartphone addiction.
